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INTRODUCTION
In order to better understand the MICE beamline and particle spectrum, , it is useful to measure the proton and pion 

rates as a function of momentum. Our experiment involved adjusting the strengths of the quadrupole magnets Q1, Q2, 
Q3, at a fixed primary momentum and dipole field D1 to maximise the flux. Once these are fixed, the dipole 2 can be 
adjusted as a spectrometer. The protons and pions, identified by the Time Of Flight (TOF) between the counters GVA1 
and GVA2, can be seen to separate thanks to their different energy loss in the material present between D1 and D2.

A point of interest is the momentum at which protons cease to be transmitted to GVA2, as this is a sensitive measure 
of the material in the beam line. G4beamline simulations had been prepared to this effect. Measurements were then 
performed by scaling the upstream and downstream magnet currents to different momenta. In this note, some outputs of 
G4beamline are presented and compared with the measurements. 

These measurements were performed during the MICE operation on July 14 – 15, 2008. Primary momenta in B1 
between ~321 and 476 MeV/c (see Appendix 3) were investigated

G4BEAMLINE SIMULATION
For the G4beamline simulation, the latest version of 1.14b is employed. The input deck is based ontheMICE stage 0

layout in July 2008 [see ref1]. The input proton momentum is the momentum of the reference proton right after the 
target. In the simulation, the strength of the bending magnets B1 and B2 are adjusted by G4Beamline itself to obtain the 
best proton acceptance at B1 and B2. As a preliminary work, Q1-Q3 are also turned off for simplicity.

The total input number of proton events is fixed at 5.2109; the proton momentum off target is scanned to output the 
total number of events at detector GVA1(which is after the decay solenoid),and GVA2 (which is after the quadrupole 
Q6) - see Figure 1. The layout of the present MICE beamline is the following: 

Figure 1: Layout of the MICE components in July, 
2008
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Figure 2: Total number of events at detector 
GVA1 and GVA2 by G4Beamline simulation as a 
function of proton momentum at dipole magnet B1

After a few runs, we have the curves of the total number of events at detector GVA1 and GVA2 as a function of 
initial proton momentum. The proton energy was scanned from 325 MeV/c - 504MeV/c, corresponding to ~268MeV/c 
– 477 MeV/c (see Appendix 2) at the B1 magnet. The curves are illustrated in Figure 2.

In Figure 2, one can see that below ~268MeV/c, the total number of events at GVA1 goes to zero, and below ~ 363
MeV/c, the total number of events at GVA2 goes to zero.  [the figure needs to be updated slightly thus]
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MEASUREMENTS 
In order to compare with the G4Beamline simulation, detailed measurements were done during the shift on July 14-

15 2008.  The target was operated following the  documentation. The target was dipped so as to produce ISIS beam loss 
monitor readings of less than 50mV.  The data acquisition gate was 2ms and adjusted to the end of the ISIS spill. Each 
measurement corresponds to 120 successive spills. An absolute normalization is not possible at this point due to 
variation of the target and ISIS beam interception. In absence of recording of the ISIS BLMs, the relative normalization 
between recordings is only as good as the reproducibility of the target interaction with the ISIS beam over the 120 spill
acquisition period. A repeat measurement with the beamline same settings during the evening showed variation between 
8100 and 8800 hits in GVA1. Potentially the variation could be larger, particular over longer time periods as the ISIS 
beam varies. A device measuring directly pion production in the vicinity of the target in the vault for absolute 
normalization would be rather  useful. 

The particle production was measured in the counters GVA1 and GVA2. Backgrounds during the beam gate were 
small and can be neglected for the results presented here. The measurements are tabulated in Table 1 at the end of this 
note. The data were recorded by the MICE data acquisition as run numbers 402 to 436. The histogram presented in 
Figure 3 and the numbers appearing in the table were recorded by the DAQ monitoring online. No offline analysis has 
been performed on these data.   

First of all, at a B1 current of 400Amps, corresponding to momentum ~476 MeV/c , the strengths of the quadrupoles
Q1, Q2 and Q3 were set at their nominal values, and then varied by 20% to seek better rates. No scan of D2 was 
performed at that energy, at which the number of protons was about 20 times larger than that of pions. In these 
measurements, the quadrupoles Q4, Q5 and Q6 were turned off. An increase of nearly 40% in particle intensity was 
then seen by either raising the excitation of quadrupoles Q1 and Q3 by 20% over their nominal 480MeV/c values, or by 
raising Q1 alone by 20%. The later setting was chosen as the basis for further work.

It should be emphasized that this can hardly be considered to be an full optimization procedure, and this process 
will  be developed further  in due course. ..   

We then proceeded to perform the measurements for an upstream momentum of ~414 MeV/c (I=333A), ~374 MeV/c
(I=291A)  and ~322 MeV/c  (I=250A)c. Unfortunately, as the B1 field had a strong nonlinear dependence on current, 
and having scaled all magnet currents Q1-3 & B1 linearly, the Q1-Q3 settings corresponded to a slightly lower 
momentum by ~10%, but the results are nevertheless acceptable for the current experiment: gaining a first 
understanding of proton/pion energy dependence. At these momenta, the dipole magnet B2 strength was scanned and 
the pion and proton productions were measured. Particle production was measured with the GVA1 and GVA2 counters. 
Pion and proton productions were identified by the time-of–flight between GVA1 and GVA2. Two peaks corresponding 
to pions and protons can be observed, as illustrated in Figure 3. The measurements are summarized in Appendix 1 at 
the end of the note.  
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Figure 3: The pion and proton separated through the time-
of-flight between GVA1 and GVA2. The left peak 

consists of pions, and the right peak of protons

Figure 4: Total number of events at GVA1 and GVA2 as a 
function of  momentum in the dipole magnet B1 Q: check 
what does this graph show? Total # at proton peak? If so it 

= G4BL.
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The total number of events at GVA1 and GVA2 as a function of momentum at B1 are plotted in the Figure 4. It 
decreases with proton momentum and this is consistent with the G4Beamline simulation. It can be observed that 
experimentally, the cut off momentum for particles in GVA2 is ~321 MeV/c, whilst from the simulation, it appears to be 
~363MeV/c.

The following figures illustrate the pion and proton production rates normalised to the total number of events at 
GVA1, as a function of the current in dipole magnet B2.  Figure 5 is for ~414  MeV/c momentum at B1; Figure 6 for 
~374 MeV/c proton momentum; and Figure 7 for ~ 321 MeV/c proton momentum, respectively.
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Figure 5: Pion and proton production rates as a function 
of current in dipole magnetic B2 at414  MeV/c proton 

momentum at B1, normalised to the total counts at GVA1 

Figure 6: Pion and proton production rates as a function 
of current in dipole magnetic B2 at 373  MeV/c proton 

momentum at B1, normalised to the total counts at GVA1
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Figure 7: Pion and proton production rates as a function of current in dipole magnetic B2 at ~321  MeV/c momentum 
at B1, normalised to the total counts at GVA1

In the figures above, one can see that as decreasing the momentum at B1, the proton production gets smaller and 
smaller. At ~ 321MeV/c, the measured proton rate goes to zero. 

CONCLUSIONS
We have measured relative proton and pion rates in the MICE beam line at ~321MeV/c, 374  and 414 MeV/c.  As 
expected, proton production drops drastically when decreasing momentum and has all but disappeared at ~321 MeV/c. 
With this particular layout of detectors, a good setting was established at ~321 MeV/c for producing a pure positive 
pion beam for further studies. 

The results seem to be consistent with simulation although a measurement with finer momentum steps would be 
desirable. G4 beamline seems to indicate that already at ~363 MeV/c protons should not reach GVA2 which is 
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somewhat discrepant with the measurements. A number of effects could account for this. A closer examination of the 
momenta estimate in B1 from both simulation and measurement would be useful, as well as for a closer inspection of 
the G4Beamline deck file modelling the beamline. Closer study of how it sets the B2 magnet would be of interest.
G4beamline is a useful tool to help MICE commissioning and study. It would be great if it were installed in such a way 
as to be available from the MICE control room for MICE shifters inexperienced in its use to simulate beam settings 
while (or preferably before!) taking data. 

The relatively limited data statistics and the long time it takes to accumulate them highlight the need for intersecting 
more protons with the target. Including the ISIS BLM readings in the MICE data stream is necessary for absolute
normalization and will be essential to performing closer optimization of the upstream beamline. Further measurements 
will be needed to measure and optimize pion intensity in the upstream MICE beam line. 

References

1.G4Beamline model used for simulations:-
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%20optics/Data/M1-6inchtapered.ppt

Appendix 1: tabulation of measurements performed on July 14-15 2008. 

Change the following table so that Momentum in column1 is our corrected estimate (ie 300->321MeV/c etc etc):-

Appendix 2. Conversion of G4Beamline simulations into Momenta in B1

G4Beamline operates by selecting an initial scattered proton momentum just after the target. Its momentum in B1 can 
be extracted either directly, or by extracting the B1 field and using its corresponding effective length. The effective 
length was taken to be the handbook value of 1.038m, hence 1.087m for a particle bending by 60degrees in a 
homogenous field. Further improvement could be made by evaluating the effective length of the field map used in 
G4BL.

The conversion is given below:-
P (Target MeV/c)B1 Field (T) p estimate in B1 (MeV/c)

504 1.5331 477.4
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475 1.4376 447.7
450 1.3487 420.0
425 1.2625 393.1
400 1.1683 363.8
375 1.0765 335.2
350 0.9717 302.6
325 0.8632 268.8

Appendix 3. Conversion of Experimental Settings of B1 to Momenta in B1

The conversion from a current in B1 to the momenta in B1 is effected by using the handbook current to field graph. 
[2], together with the handbook effective length of 1.038m, and hence 1.087m in the curved trajectory.

The conversion is given below:-

B1 current (Amps) p estimate in B1 (MeV/c)
400.0 476.4
333.3 414.2
291.7 373.7
250.0 320.7


